Abstract. We present some results of numerical simulation of a dynamical evolution of globular clusters in the tidal eld of the Galaxy. An analytical description of tidal destruction of such clusters and simple estimate of their lifetimes are proposed.
INTRODUCTION
Globular clusters (GCs) have recently attracted attention of researchers, both observers and theorists, from the point of view of their origin and evolution in the Milky Way Galaxy. This interest is driven by the fact that GCs are amongst the oldest stellar population of the Galaxy, and therefore carry information about the very early evolution of the Galaxy and the Universe as a whole. Even though these circumstances have been well known for a long time, only in the last decade there has been the growing interest, mostly due to recent developments of observational techniques.
A principally important feature of dynamical evolution of GCs is determined by the fact that GCs throughout their evolution undergo strong damaging eects from the galactic gravitational eld. In the last decades, a large body of observational evidence for the interaction of GCs with the tidal eld has been found (see Grillmair et al. 1995; Leon et al. 2000; Siegel et al. 2001; Lee et al. 2003; Odenkirchen et al. 2001 Odenkirchen et al. , 2003 Belokurov et al. 2006) . It is natural to assume, therefore, that the observed population of GCs is only a remaining part of a much larger population that existed in the earliest stages of the Galaxy evolution (Surdin 1979; Murali & Weiberg 1997a,b; Fall & Zhang 2001) .
Recent observations of the globular cluster Palomar 5 showed that the inuence of the galactic tidal eld can be quite substantial, so that during the evolution it could lose up to 95% of its initial mass (Odenkirchen et al. 2003) . The problem is thus to reproduce the initial state of the huge cluster with a tiny remnant in hands.
In the present work a set of models with dierent initial conditions (the mass, radius, position, velocity) has been studied to analyze the tidal destruction of GCs. 
THE METHOD
Numerical modeling has been performed using the NBODY6 code by S. Aarseth. The galactic potential is accepted in the form of a three-component model which includes the bulge, the disk represented by a Miyamoto & Nagai (1975) potential, and the halo represented by a logarithmic potential. 
STAR LOSS
To analyze the rate of GC destruction, the following quantities have been calculated at each time point for each star: its interaction energy with respect to other stars and its kinetic energy in the frame of the center of mass of other stars. If the total star's energy is positive, it is considered that such a star leaves the cluster. It is also supposed that stars beyond twice the tidal radius are not associated with the cluster. This condition allows us to take into account the loss of binary stars, which may be bound according to the above denition. Fig. 1 shows some orbits projected onto the (Y, Z) and Fig. 2 presents the corresponding time dependencies of the number of gravitationally bound stars in GCs. Fig.2 shows a non-monotonic rate of star loss of GC. Spikes seen in the gure are known features (see, e.g., Baumgardt & Makino 2003) and can be explained as the result of GC elongation along the trajectory due to galactic gravitational forces. It may be easily shown that gravitational forces at the perigalacticon are trying to compress GC (a shock wave), but right before and after perigalacticon there are regions with large negative d 2 Φ/dl 2 (d ⃗ l is an element of GC's trajectory) that leads to elongation along the trajectory, increased mean interstellar distance, and decreasing of bind energy.
The Fig. 3 shows the time dependence of the GC position above the plane of the disk and the distance to the center of the galaxy for GC model with the initial coordinates x = 0, y = 7 kpc, z = 10 kpc.
As Fig. 3 shows, the greatest loss of stars occurs in moments of passing through the disk and perigalacticon. However, for most of our models these events are weakly separated in time. In order to make them seen more clearly, the acceleration of a GC due to the Galactic gravitation, |Φ ′ |, and the magnitude of the tidal forces acting on it, |Φ ′′ |, are depicted in Fig. 4 . Despite the fact that the tidal force peaks when the cluster passes through the disk, its destructive action is too short, such that the dominant destructive eect comes from the perigalacticon domain.
GC DISSOLUTION MODEL
Assuming that the instantaneous rate of GC dissolution depends on the current number of stars, N , their mean mass m, GC radius R c , and the magnitude of the tidal forces Φ ′′ , one can qualitatively write the equation
, and dimensional analysis yields easily that, in the general case,
There are several ways to dene the radius of GC (e.g., it may be virial radius, core radius, some Lagrange radius, etc.), and the simplest way is to use half-mass radius R h calculated by NBODY6. Assuming function f to be of power law,
it is possible to nd the best t among the existing set of calculated models with dierent initial conditions (GC mass, the position in the Galaxy, the eccentricity of the orbit): There is an anti-correlation between R h and N that was estimated as
) s with β ∼ 2, s ∼ 1.5. Thus, the best agreement between the qualitative description and numerical calculations is given by the expression
Note that this equation should not be considered as an exact one. Actually, because of memory eect in GC dynamics, most likely there is no way to write down a quite exact low-dimensional system of ordinary dierential equations to describe GC evolution, therefore equation (2) may be used for crude estimates only.
Assuming that the tidal eld varies weakly along the GC orbit, Φ ′′ = const (as, for example, for a circular orbit in the plane of the galactic disk), the equation (2) reduces to dN/dt = −γ · N −a , therefore,
and GC lifetime is
If to x the initial radius of the cluster, R 0 = const, then the dependence of the lifetime on the initial mass (i.e. number of particles) is given by
0 , and at a xed density n 0 = const
which is a little bit steeper than the relation T ∼ N 
PARAMETER OF RESISTANCE TO DISSOLUTION
To investigate GC stability, the parameter, equal to the ratio of the average value of the tidal forces to the average attractive forces within the cluster, can be introduced:
In the case of the point mass potential,
The parameter ω coincides to within a factor of 1/N with the dimensionless parameter, being the second argument in Eq. (1). Fig. 6 shows the dependence of the values of the stability parameter ω (gray circles) for the observed GCs on the galactocentric distance R G . The lines correspond to the dependence of ω on R G for clusters with a constant density. The density increases from the bottom to the top. Under the assumption that the orbits are circular, estimates of GCs ages (see Section 4) are given in Fig. 6 for various ratios of ω and R G at the initial time, the arrows show the direction of increase of ω in time. Table 1 contains estimated remaining lifetimes for the globular cluster Palomar 5 (depicted by a solid circle in Fig. 5 ) according to the results of Section 4 using known orbit data from Mastrobuono-Battisti (2012) for several present-day mass-radius relations.
CONCLUSIONS
We have estimated the eect of the disk and perigalacticon on the dissolution of GCs. For elongated orbits the eect of passing through the perigalacticon is greater.
Estimates of the star loss rate of GC and their lifetime due to the tidal eld of the galaxy are given.
The evolution of the stability parameter of GC against tidal destruction and the comparison with observational data may indicate that approximately half of the Galactic GCs will be destroyed soon.
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